The amphiphilic graft copolypeptide, consisting of poly (N-hydroxyethyl L-glutamine)
INTRODUCTION
Block or graft copolymers are getting widely noticed as functional materials. They consist of different polymers connected by the covalent bonds. In the two phase state, the constituent polymers segregate from each other, and consequently the systems have internal structures formed by the interfaces between the different polymers [1, 2] . These interfaces play a crucial role as the origin of the physical properties or the functions. Their morphology and the orientation should be taken into account, when they are put to practical use. The interfaces exhibit a variety of morphologies in accordance with the change of the composition of the constituent polymers [3] or temperature [4] , etc. The formation or the disappearance of the interfaces [1, 2, [5] [6] [7] , and the transition between the different morphologies [8] or the orientational change [7, [9] [10] [11] [12] under external fields have been of great interest to many theoreticians and experimentalists.
In recent years, the copolymers with such internal structures are intensively investigated for the purpose of the utilization as functional materials in the medical field. For example, Kataoka et al. [13, 14] invented an anticancer compound, using the block copolymer consisting of polyethylene oxide and polyaspartic acid. Largest feature of the graft or the block copolymers is a tremendously huge area of interfaces. The effect or the efficiency of transportation or reaction through the interfaces are always multiplied by their interfacial area. Hence the block or graft copolymers can be expected as excellent functional materials. In this paper, we report the possibility of the application of graft copoly- was ca. 4.5nm. This size was in good agreement with the diameters of the bright region in the TEM image, i.e., the PTrp cores. 3.1.5. Model for PHEG-g-PTrp aggregates in water As shown in sub-sections 3.1.2. and 3.1.3., the average diameter of PHEG-g-PTrp aggregate was in a range of 70 to 90nm, while that of the cores of PTrp graft chains was about 5nm as described in sub-sections 3.1.3. and 3.1.4. A possible model for PHEG-g-PTrp15, PHEG-g-PTrp20 and PHEG-g-PTrp25 is shown in Fig. 4 , while the conventional core-shell model for block copolymers is shown in Fig. 5 for the sake of a comparison.
In the case of block copolymers, the constituent block chains segregate in the two-phase 222 Fig. 6 . Concentration dependence of UV-VIS absorbance for PHEG-g-PTrp10, PHEG-g-PTrp15, PHEG-g-PTrp20, PHEG-g-PTrp25, and Poly (HEG-ran-Trp).
state and form a concentric core-shell sphere. The waterinsoluble component form the core with the corona chain of the soluble component forming the shell. Similarly, the graft chains are insoluble component and aggregate to form the cores in the case of the PHEG-g-PTrp graft copolymers. However, the entropy loss of the main chain (PHEG) is considered to be much bigger than that of the block copolymers. In other words, if the total content of L-Trp residues is the same in both systems and one PHEG-g-PTrp aggregate contains one PTrp core like conventional block copolymer systems, the number of PTrp chains participating in one core is much bigger than that of block copolymers. Hence, PHEG chains congest around the core and lose their conformational entropy. Thus, it is safely expected that one PHEG-g-PTrp aggregate contains a large number of PTrp small cores as displayed in Fig. 4 . The interfacial area between the different constituent polymers is larger in the graft copolymer systems than in the conventional block copolymer systems. Since quick response of the drug release through the interface is required, the larger interfacial area seems to make the graft copolymers more effective for the quick drug-release behavior, as compared to block copolymers.
Incorporation of Hydrophobic Compound by PHEG-g-PTrp
PHEG-g-PTrp10, PHEG-g-PTrp15, PHEG-g-PTrp20 and PHEG-g-PTrp25 were tested for the application as a drug reservoir. The hydrophobic substance, azobenzene, was dispersed in the PHEG-g-PTrp aqueous solutions. A portion of it was incorporated in the PTrp cores. The amount of the incorporated azobenzene was estimated based on the UV-VIS absorption spectrum. Figure 6 shows the relationship between the concentration of PHEG-g-PTrp and the UV-VIS absorbance. The absorbance linearly depended on the concentration and also increased with the increase of the L-Trp content. This fact strongly supports the existence of the PTrp cores in the graft copolymers. For comparison, the absorbance for the corresponding random copolymer, Poly (HEG-ran-Trp), was shown together in Fig. 6 and exhibited almost steady at 0.04.
Drug Release of Hydrophobic Compound by PHEGg-PTrpT
Finally, We prepared a membrane which can release drug molecules incorporated in the cores. We modified PHEGg-PTrp, which have an ability to incorporate drug molecules as discussed in section 3.2, but does not have the function to release them. Note, however, that similar aggregates of the hydrophobic PTrp graft chains exist in the membranes. Here, we treated the PHEG-g-PTrp membrane with trifluoroacetic acid (TFA) to obtain a PHEG-g-PTrpT membrane. The membrane incorporates water molecules by the dissociation of the complex of indole rings, as described in chapter 1. The drug-release behavior of hydrophobic substance was examined upon a jump from pH=2 (below 4) to pH=5 (above 4), because the TFA-treated L-Trp dissociate below pH=4 [22] . Note here that pH=2 is close to the acidity of gastric acid. Testosterone was employed as the hydrophobic substance. Testosterone was incorporated by the PHEG-g-PTrpT in the methanol solution. This membrane was set in the flow cell made of quartz for the fluorometer, where water was continuously supplied into the cell. The pH of the water was sequentially altered between 2 and 5. The fluorescence from the drain was monitored. The results are shown in Fig. 7 . No release of testosterone was observed at pH=5 during first 4h. Amazingly, the quick response and the continuous release was detected during the next 4h after the change of pH from 5 to 2. Finally, pH was altered back to 5 at Time=8h again, then the quick cessation of the release was confirmed and no release was observed during the last 4h.
DISCUSSION
As described in section 3.1, amphiphilic graft copolymers, PHEG-g-PTrp's, whose PTrp contents are in the range from 10 to 25mol% aggregate above their CAC's. The SAXS and TEM results revealed that these aggregates con- 
